The invention concerns a process and device for regulation and/or control of an automobile chassis.
Description of the Related Art
To improve the travel comfort and road safety of passenger cars and trucks, an active chassis may be utilized instead of a passive chassis. With such active chassis, the characteristic of the suspension systems between the vehicle body and wheels can be influenced, depending on the state of travel, in the sense of a control or regulation. Most varied pertinent control or regula tion concepts are known from the prior art.
As such a control or regulating concept, the so-called "skyhook' concept is known from the prior art (e.g., The problem underlying the present invention is, basing on the described skyhook control notion, to obtain improvements in the application of this control concept.
SUMMARY OF THE INVENTION
The invention is based on a method and system for regulation and/or control of an automobile chassis where for exertion of forces at least one actuator is arranged between the vehicle body and at least one wheel. This actuator is for exertion of forces actuated by actuation signals in such a way that at least parts of these actuation signals will be formed in such a way that the vertical movements of the vehicle body will be damped inertially. This corresponds to the aforemen tioned skyhook control notion known from the prior art. The core of the invention now is that at least parts of the actuation signals are formed in such a way that the inertial damping known from the prior art depends on the magnitude of the vertical velocity of the vehicle body. As initially described, the inertial damping of the vertical body movements is known from the prior art, that is, that the actuator is actuated for exertion of forces Fd which are proportional to the inertial body velocities Za'. Here, the forces Fd to be applied are thus In one possible embodiment of the invention, this makes it possible to adjust in the presence of lower vertical velocities of the vehicle body a damping that is less than in the presence of higher vehicle body veloci ties. This embodiment of the invention is advantageous particularly when as actuators there are dampers actu ated which are adjustable in their damping properties.
The adjustment of such dampers may be accompanied by jolts or switching noises attributable to the fact that the adjustment of the damping characteristic does not occur exactly at the damper piston reversal point (rela tive velocity between vehicle body and wheel=0). The reason for this may be system run times. Switchings outside the velocity zero point of the damper may en gender pressure peaks which make themselves felt by switching noises or noticeable jolts. When now, accord ing to this embodiment of the invention, adjusting the damping at slight, i.e., low body velocities lower, the result, for the above reasons, is a reduction of the prop erties which subjectively are felt as unpleasant (jolts, noises), since the damper does not switch at every change between traction and thrust stage of the damper, but switches only relatively seldom, when the body velocity exceeds a certain measure.
Another embodiment of the invention provides for adjusting the damping in the presence of lesser vertical velocities of the vehicle body higher than in the pres ence of higher velocities. Underlying this embodiment of the invention is the insight that a high inertial damp ing of the body is at very small body movements achiev able only with very high skyhook amplification factors (high proportionality factor between actuator force and inertial body velocity). But if these skyhook amplifica tion factors, high for damping of small body move ments, now were used also for damping stronger body movements, these stronger body movements would be damped too abruptly, which is felt as unpleasant. This conflict is inventionally solved in that a "degressive skyhook force' is applied where the ratio between actu ator force and body velocity diminishes at increasing body velocity.
Further developments of the invention enable also further deviations from the linear skyhook function known from the prior art where, as described above, a fixed proportionality factor determines the ratio be tween body velocity and actuator force. Thus, a favor able embodiment of the invention may be constituted by selecting at very low body velocities a progressive characteristic, at low body velocities a linear, a degres sive one in the medium, and a negatively linear one in the high body velocity range. Any other dependencies are possible, for instance depending on the applicable vehicle.
A further favorable embodiment bases on first signals which, as known from the prior art, are proportional to 5, 452, 209 3 the inertially sensed vertical velocity of the vehicle body. Inventionally, these first signals are now weighted for generation of the actuation signals of the actuators depending on the magnitude of the vertical velocity of the vehicle body. With this embodiment, described in detail, the aforementioned inventional, velocity-dependent inertial damping of the vehicle body is arrived at.
Inventional provisions are that for at least three val ues of the inertial body velocity a nonlinear correlation between the values for the body velocity and the values of the force exist between actuation signals representing the vehicle body and the wheel. As opposed to it, a linear correlation exists with the skyhook control sys tem known from the prior art between the above values, if the actuation signals are directly proportional to the applied forces of the actuator (force adjuster).
Provisions in another embodiment are that the above weighting, in the presence of lower vertical velocities of the vehicle body, be effected at a scale lesser than in the presence of higher vehicle velocities. Obtained thereby is the aforementioned reduced inertial damping for small body movements. Furthermore, stipulations for this embodiment may also be that the weighting, in the presence of greater velocities of the vehicle body, be performed at a scale lesser than in the presence of lower velocities of the vehicle body.
The weightings concerning the velocities of the vehi cle body may be carried out continuously or in discrete steps. Thus, it may be stipulated that the inventional dependence between the first signals that are propor tional to the inertial vertical velocity of the vehicle and the actuation signals which are weighted depending on the magnitude of the vertical velocity of the vehicle body be stored in the form of a characteristic curve.
Particularly favorable is the use of the inventional procedure if as actuators there are dampers activated which are adjustable in their damping property. These dampers, as described above, may at switchings outside the velocity zero passage involve the jolts and noises felt as unpleasant. For adjustable dampers, an inven tional proviso may be that the damping or the weighting be carried out depending on whether the damper is in its traction or thrust stage. Moreover, the weightings, or body velocity-depend ent inertial dampings, may be effected variably for the individual actuators.
BRIEF DESCRIPTION OF THE DRAWINGS
The above-mentioned and other features and advan tages of this invention, and the manner of attaining them, will become more apparent and the invention will be better understood by reference to the following de scription of an embodiment of the invention taken in conjunction with the accompanying drawings, wherein: Corresponding reference characters indicate corre sponding parts throughout the several views. The ex emplification set out herein illustrates one preferred embodiment of the invention, in one form, and such exemplification is not to be construed as limiting the scope of the invention in any manner.
In the following, the invention shall be described with the aid of the drawings, references shown in the figures being provided with indices representing the coordination of the signals, or systems, with the actua tors. Index i shows that the indexed variable pertains to the front (i=v) or to the rear (i-h) vehicle half. Index 10 jindicates that the indexed variable belongs to the right Sensed by the means 10i are vertical body velocities Zaij". This sensing of the body velocities may be carried out, e.g., by inertially measuring acceleration sensors, the acceleration signals being integrated to the desired velocity signals. But the body velocity signals may also be determined indirectly from the relative movements between the vehicle body and the wheels, where the vehicle parameters must be allowed for.
Formed in the first means 11 are then signals which are proportional to the sensed body velocities. Present on the output of the first means 11 are thus signals repre senting the forces which correspond to the skyhook forces known from the prior art.
Weighted by the second means 12 are the skyhook forces, or the signals Fshiji representing the skyhook forces, depending on the body velocities, i.e., depending on the signals F.shij themselves. Present on the outputs of the second means 12 are then the actuation signals Fij for the actuators 13i so weighted, which actuators are in this embodiment configured as dampers which are adjustable in their damping properties. The characteristic curve may be preset differently for the thrust and traction stages of the dampers 13i. Fur thermore, the characteristic curve for each wheel, or each damper, may be adjusted individually.
While this invention has been described as having a preferred design, the present invention can be further modified within the spirit and scope of this disclosure. This application is therefore intended to cover any variations, uses, or adaptations of the invention using its general principles. Further, this application is intended to cover such departures from the present disclosure as come within known or customary practice in the art to which this invention pertains and which fall within the limits of the appended claims.
What is claimed is:
1. In a vehicle, a method for one of regulation and control of a vehicle chassis, wherein the vehicle in cludes a body, a wheel, and an actuator associated with said wheel for application of forces between the wheel and the body, said method comprising the steps of: generating an actuation signal, said actuation signal dependent on the amplitude of an absolute vertical velocity of a point on the body and on a propor tionality factor which is dependent on said ampli tude of said absolute vertical velocity of said point on the body; transmitting said actuation signal to said actuator and actuating said actuator; and damping vertical inertial movements of the body utilizing said actuator. 6. The method of claim 1, wherein the said actuator comprises an adjustable damper.
7. The method of claim 6, wherein said actuation step is carried out dependent on whether said damper is in a traction stage or compression stage.
8. The method of claim 1 including a plurality of wheels and a plurality of actuators respectively associ ated with said wheels, said generator generating actua tion signals for each said actuator dependent on the amplitudes of the absolute vertical velocities of a plural ity of points on the body and proportionality factors dependent on the amplitudes of the absolute vertical velocities of said plurality of points on said body.
9. The method of claim 8 wherein said proportional ity factor is different for at least two of said actuators. 10. The method according to claim 8 wherein said proportionality factors are based on discrete values of said amplitudes.
11. In a vehicle, a system for one of regulation and control of a vehicle chassis, wherein the vehicle in cludes a body and a plurality of wheels, said system comprising means for generating a plurality of actuation signals; and a plurality of actuators respectively associ ated with each of said wheels and respectively respon sive to said actuation signals for application of forces between each wheel and the body and thereby damping vertical inertial movements of the body, said actuation signals each respectively dependent on the amplitude of an absolute vertical velocity of a point on the body and on a proportionality factor which is dependent on the amplitude of the absolute vertical velocity of the said point on the body. k k k
